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http://dx.doi.org/10.1016/j.pedneo.2Background: The goal of this study was to compare the growth and effect of growth on cogni-
tive performance at 5 years of age of a group of very-low-birth-weight (VLBW) infants and a
group of healthy full-term infants.
Methods: Beginning in 1995, under the sponsorship of the Premature Baby Foundation, the So-
ciety of Neonatology, Taiwan, conducted a multicenter follow-up study of VLBW infants in
Taiwan. The study enrolled 322 VLBW infants and 103 controls for assessment of growth data
and cognitive performance at several time points from birth through to 5 years of age. Growth
data were assessed with measurements of weight, height, and head circumference taken at
the ages of 6 months, 12 months, 24 months, and 60 months. Cognitive performance was as-
sessed at the age of 5 years. The VLBW infants were regarded as “failed” if a measurement
was 2 standard deviations below the mean measurement of the control group. Neonatal and
perinatal data had been collected prospectively as part of a longitudinal study. Cognitive per-
formance was assessed using the Chinese version of the Wechsler Preschool and Primary Scale
of Intelligence (WPPSI-R).
Results: From 6 months to 5 years, VLBW infants had lower weight, height, and head circum-
ference than the controls. Two hundred twenty-four VLBW infants (69.6%) returned for assess-
ment at 5 years old. Of the 224 VLBW infants, complete sets of measurements of weight,
height, and head circumference were obtained for 126 cases (56.3%), 127 cases (56.7%), and
106 cases (47.3%), respectively. Of these, 13 patients (10.3%) failed in weight, 11 patients
(8.7%) failed in height, and 17 patients (16.0%) failed in head circumference at the age of 5
years. The mean WPPSI-R scores at the age of 5 years for VLBW children were: 94.1  16.4
(performance IQ), 87.2  12.8 (verbal IQ), and 89.5  14.6 (full IQ). All of these values wereof Pediatrics, Taipei City Hospital, Women and Children’s Campus, Number 12, Fu-Zhou Street, Taipei
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Growth of very low birth weight infants 115also lower than those of the control group, with the differences being statistically significant
(p < 0.05). The WPPSI-R scores of VLBW children who failed in head circumference were
notably lower than those of VLBW children whose head circumference had caught up with that
of their peers.
Conclusion: The growth of VLBW infants was lower than that of healthy full-term infants
through 5 years of age. The cognitive performance for VLBW children was also decreased
compared to that of the control group, and there was an association between slower growth
and decreased cognitive ability.
Copyright ª 2013, Taiwan Pediatric Association. Published by Elsevier Taiwan LLC. All rights
reserved.1. Introduction
Following the tremendous progress in neonatal intensive
care, particularly in developed countries, the survival of
very-low-birth-weight (VLBW) and extremely-low-birth-
weight (ELBW) infants has improved dramatically. In most
modern perinatal centers in North America and Europe,
neonatal deaths are uncommon among infants with birth
weights higher than 1000 g in the absence of congenital
anomalies.1,2 Therefore, many studies have traced the
long-term outcomes of VLBW infants in those countries.
Among the long-term complications linked to prematu-
rity, the growth pattern of VLBW infants has been of great
concern to parents and medical professionals alike because
growth after discharge is a good measure of physical,
neurologic, and environmental well-being.1 Although
“catch-up” growth has been reported, large-sample studies
have revealed the persistence of poor growth among VLBW
from birth through adolescence.3,4 In addition, it has been
estimated that approximately half of VLBW infants develop
cognitive and behavioral deficits.5
Recent studies in Taiwan have also demonstrated
improvement in overall perinatal and neonatal mortality
and increasing survival of VLBW and ELBW infants over
time.6 However, limited information is available on longer-
term growth outcomes of such infants in Taiwan. Prior to
our study, their cognitive performance had not been stud-
ied in Taiwan. Beginning in 1995, under the sponsorship of
the Premature Baby Foundation, the Society of Neona-
tology, Taiwan, conducted a follow-up study of VLBW in-
fants in Taiwan.
In 2003, we reported growth outcomes of VLBW infants
at 2 years.7 Some of these infants were followed for up to 5
years, and this article describes their long-term growth
outcomes and cognitive performance.2. Methods
In 1995, the Society of Neonatology, Taiwan, under the
sponsorship of the Premature Baby Foundation, began an
ongoing, prospective research project. Between January 1,
1995 and June 30, 1996, 436 VLBW infants were discharged
from 19 hospitals located throughout the island of Taiwan.
The infants were followed-up and their growth assessed
until they were 2 years old. The children were measured for
weight, height, and head circumference in the individualfollow-up clinics at 6 months, 12 months, and 24 months of
age.7 Because of limited funds and manpower, a group of
322 infants born at three hospitals (National Taiwan Uni-
versity Hospital, Mackay Memorial Hospital, and Women
and Children’s Campus, Taipei City Hospital) in the north-
ern region was recruited for follow-up to 5 years of age. Of
these infants, 224 infants returned to the follow-up clinic
for measurements of their weight, height, and head
circumference. Cognitive testing was performed at the
same follow-up sessions. Cognitive performance was
assessed using the Chinese version of the Wechsler Pre-
school and Primary Scale of Intelligence (WPPSI-R), which
was administered by trained psychologists. The WPPSI-R
provides subtest and composite scores that measure intel-
lectual functioning in verbal (VIQ) and performance (PIQ)
cognition; the instrument also provides a composite score
that reflects a child’s general intellectual ability (full IQ, or
FIQ).
In addition, maternal characteristics, including socio-
economic status, perinatal factors, and some morbidity
data likely to influence weight, height, and head circum-
ference, were recorded. A total of 103 infants born at
gestational ages from 37 weeks to 42 weeks in the three
hospitals served as controls. The VLBW infants were
regarded as “failed” if their weight, height, or head
circumference was 2 standard deviations (SD) below the
mean value of the control group.
All data were presented as mean  standard deviation
(SD). The level of statistical significance was set at
p < 0.05. The Chi-square test was used for noncontinuous
data, and the Student t test or Mann-Whitney U test was
used for continuous data. The maternal characteristics,
perinatal factors, and neonatal morbidity data were
collected and analyzed using multivariate logistic
regression.
3. Results
The mean birth weight for the 322 VLBW infants was
1164  228 g (range: 586e1500 g), and the mean gesta-
tional age was 29.4  2.6 weeks (range: 24e36 weeks).
Mean birth weight for the 103 control infants was
3309  379 g (range: 2590e4550 g), and the mean gesta-
tional age was 39.2  1.1 weeks (range: 37e42 weeks).
Maternal socioeconomic status, perinatal factors, and
neonatal morbidity of the VLBW cohort are presented in
Table 1. Growth data for VLBW and control (full-term)
Table 1 Maternal characteristics, perinatal factors, and
morbidity rates of very-low-birth-weight infants.
Maternal social class
(1e3: 4e5), n Z 263
83 (31.6):180 (68.4)
Maternal education
(above college:high
school or below), n Z 282
197 (69.9):85 (30.1)
High-risk pregnancy (:þ),
n Z 289
57 (19.7):232 (80.3)
Maternal transfer (:þ),
n Z 308
269 (87.3):39 (12.7)
Prenatal steroid treatment
(:þ), n Z 271
220 (81.2):51 (18.8)
Mode of delivery (vertex and
breech:cesarean section),
n Z 317
137 (43.2):180 (56.8)
Cardiopulmonary resuscitation
(:þ), n Z 314
128 (40.8):186 (59.2)
Transferred from other hospitals
(:þ), n Z 283
219 (77.4):64 (22.6)
IUGR (:þ), n Z 321 116 (36.1):205 (63.9)
Sepsis (:þ), n Z 315 68 (21.6):247 (78.4)
Degree of IVH (0e1:2e4),
n Z 312
238 (76.3):74 (23.7)
CLD (:þ), n Z 288 260 (90.3):28 (9.7)
Apnea (:þ), n Z 293 59 (20.1):234 (79.9)
PDA (:þ), n Z 287 187 (65.2):107 (34.8)
ROP (:þ), n Z 298 156 (52.3):141 (47.7)
Use of IPPV (days), n Z 317 14.7  24.9
Data are presented as n (%) or mean  standard deviation
(range).
CLD Z chronic lung disease (oxygen dependent at 36 weeks of
gestation); IPPV Z intermittent positive pressure ventilation;
IUGRZ intrauterine growth retardation; IVHZ intraventricular
hemorrhage; PDA Z patent ductus arteriosus;
ROP Z retinopathy of prematurity; VLBW Z very low birth
weight;  Z negative; þ Z positive.
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months, and 5 years are shown in Table 2. All average
values in VLBW infants were lower than those in the control
group (p < 0.05).Table 2 Growth data for very-low-birth-weight and control (fu
Birth 6 months
VLBW Weight (kg) 1.16  2.28
322 (100)
6.8  1.2
250 (77.6)
Height (cm) 36.9  3.2
322 (100)
64.4  3.2
251 (78.0)
HC (cm) 26.5  2.3
322 (100)
39.7  9.9
178 (55.3)
Control Weight (kg) 3.31  3.79
103 (100)
8.0  0.9
95 (92.2)
Height (cm) 50.0  1.7
103 (100)
67.5  2.5
95 (92.2)
HC (cm) 33.9  1.3
103 (100)
43.1  1.4
95 (92.2)
Data are presented as n (%) or mean  standard deviation.
HC Z head circumference; VLBW Z very low birth weight.At the age of 5 years, 223, 221, and 223 of VLBW children
(69.3%, 68.6%, and 69.3%, respectively) were measured for
weight, height, and head circumference. The mean values
for male VLBW children for weight, height, and head
circumference were: 17.1  2.9 kg, 107.1  4.9 cm, and
49.9  1.5 cm, respectively. The mean values for female
VLBW children for weight, height, and head circumference
were: 16.7  3.0 kg, 106.4  4.9 cm, and 48.9  1.7 cm,
respectively. The mean values for total VLBW children for
weight, height, and head circumference were:
16.9  2.9 kg, 106.7  4.9 cm, and 49.4  1.7 cm,
respectively. All of these values were lower than those of
the control group, and the differences were statistically
significant (p < 0.05). Two hundred and twenty-four VLBW
infants completed the WPPSI-R at 5 years of age. The mean
WPPSI-R scores at the age of 5 years for VLBW children
were: 94.1  16.4 (PIQ), 87.2  12.8 (VIQ), and 89.5  14.6
(FIQ). All of these values were also lower than those of the
control group, and the differences were statistically sig-
nificant (p < 0.05; Table 3).
Of the 224 VLBW infants followed up to the age of 5
years, complete sets of measurements of weight, height,
and head circumference were obtained for 126, 127, and
106 children, (56.4%, 56.7%, and 47.3%, respectively).
Except for head circumference, more than 89% of these
babies eventually achieved normal weight and height by
the age of 2 years and maintained normal growth at age 5
years.
A total of 35 infants (27.8%) failed in weight for age at 6
months old. By the age of 12 months, this number had
dropped to 22 (17.5%), and by the age of 24 months, the
number was 11 (8.7%). However, instead of continuing to
decrease, the number of affected infants increased
slightly, from 11 to 13 (10.3%) children by 5 years. Serial
measurements revealed that among 35 infants who failed in
weight at the age of 6 months, only 7 (20%) were unable to
catch up to normal levels by the age of 5 years. Among 91
babies who reached normal weight by 6 months of cor-
rected age, 88 (96.7%) maintained normal increases in
weight until they reached 5 years of age. Similarly, the
numbers of VLBW children who “failed” to reach normal
height at 6 months, 12 months, 24 months, and 60 months
were: 19 (15.0%), 8 (6.3%), 8 (6.3%), and 11 (8.7%),ll-term) infants.
old 1 year old 2 years old 5 years old
8.5  1.3
235 (73.0)
10.8  2.1
181 (56.2)
16.9  2.9
223 (69.3)
72.6  5.5
233 (72.4)
83.4  11.4
180 (55.9)
106.7  4.9
221 (68.6)
44.1  4.5
234 (72.7)
46.0  5.3
181 (56.2)
49.4  1.7
223 (69.3)
9.8  1.1
92 (89.3)
12.6  1.7
78 (75.7)
19.6  3.1
82 (79.6)
76.8  3.6
92 (89.3)
87.8  3.5
78 (75.7)
110.8  4.8
83 (80.6)
45.2  5.0
92 (89.3)
47.9  1.6
77 (74.8)
50.9  1.5
78 (75.7)
Table 3 Growth data and Wechsler Preschool and Primary Scale of Intelligence scores of very-low-birth-weight and control
(full-term) infants at 5 years of age.
VLBW Control
Sex Male Female Total Male Female Total
No. 103 121 224 41 40 81
BW (kg) 17.1  2.9 a 16.7  3.0 a 16.9  2.9 a 19.8  3.2 19.5  2.9 19.6  3.1
BH (cm) 107.1  4.9 a 106.4  4.9 a 106.7  4.9 a 111.0  4.8 110.8  4.8 110.9  4.8
HC (cm) 49.9  1.5 a 48.9  1.7 a 49.4  1.7 a 51.1  1.6 50.6  1.2 50.9  1.5
PIQ 94.6  16.3 a 93.7  16.5 a 94.1  16.4 a 115.2  12.8 114.7  10.8 114.9  11.8
VIQ 87.7  12.3 a 86.6  13.3 a 87.2  12.8 a 102.1  15.7 105.6  9.4 103.9  12.9
FIQ 89.9  14.0 a 89.1  15.2 a 89.5  14.6 a 110.0  12.2 111.3  10.3 110.6  11.2
Data are presented as mean  standard deviation.
ap < 0.05, VLBW versus control.
BW Z body weight; BH Z body height; FIQ Z full IQ; HC Z head circumference; PIQ Z performance IQ; VIQ Z verbal IQ.
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by 6 months of corrected age, 103 (95.4%) maintained
normal increases in height until they reached the age of 5
years. Among 19 infants who failed at age 6 months, only 3
(15.8%) were unable to catch up by age 5 years.
The pattern of change in head circumference for the
VLBW infants was different. In this case, the number of
children who “failed” to reach normal head size increased
gradually, from 9 (8.5%) infants at 6 months of corrected
age, to 11 (10.4%) children at 12 months, to 13 (12.3%)
children at 24 months, and to 17 (16.0%) children at 5 years.
Among 97 babies who reached normal levels by 6 months of
corrected age, only 88 (90.7%) maintained normal growth of
head circumference until 5 years of age. Among the 9 in-
fants who failed to reach normal head circumference levels
at the age of 6 months old, 8 (88.9%) had not caught up by 5
years of age.
Compared with VLBW children who “failed” in weight,
height, and head circumference, VLBW children who caught
up with their peers in growth achieved higher scores on the
WPPSI-R test at 5 years of age. In particular, the test scores
of VLBW children who “failed” in head circumference were
notably lower than those of VLBW children whose growth
had caught up. This included FIQ (78.6  13.6 vs.
91.6  13.5), PIQ (81.6  15.1 vs. 96.5  15.2), and VIQ
(78.0  14.4 vs. 88.6  12.0). The differences between
these mean values were statistically significant (p < 0.05;
Table 4).
Neonatal and perinatal data that might be related to
poor growth were analyzed. Multivariate logistic regressionTable 4 Comparison of very-low-birth-weight infants’ Wechsler
caught-up growth and failed growth for body weight, body heigh
Body weight Bo
Failed Caught up Failed
No. 26 (11.6) 197 (88.4) 25 (11.3)
PIQ 82.6  16.8 95.1  16.8* 82.7  20.6
VIQ 81.1  14.1 87.7  12.5* 78.9  16.8
FIQ 81.8  15.2 90.3  14.2* 79.6  13.0
Data are presented as n (%) or as mean  SD.
*p < 0.05, failed vs. caught up.
FIQ Z full IQ; PIQ Z performance IQ; VIQ Z verbal IQ.analysis showed that only birth height, sex, and maternal
transfer affected the growth of VLBW children at 5 years of
age. Birth height affected body weight (p Z 0.0136), body
height (p Z 0.0058), and head circumference (p Z 0.015)
at 5 years of age. Height at age 5 years was also affected by
maternal transfer (p Z 0.0022), and head circumference
was affected by sex (P Z 0.0424). Other independent var-
iables, including gestational age, high-risk pregnancy,
maternal use of antenatal steroids, mode of delivery, in-
trauterine growth retardation (IUGR), intraventricular
hemorrhage (IVH), chronic lung disease (CLD), apnea, and
use of ventilator, did not affect the growth of VLBW chil-
dren at age 5 years.
4. Discussion
Although the mortality of VLBW and ELBW infants has
greatly decreased, surviving VLBW infants still have many
problems, including postnatal growth retardation, impaired
cognitive performance, behavioral problems, and diffi-
culties at school in later childhood. In an earlier study, we
reported growth data of VLBW infants in Taiwan at the
corrected age of 2 years.7 In that study, VLBW infants
experienced slower growth than did healthy full-term ba-
bies through the corrected age of 2 years, although nor-
mally more than 80% of VLBW infants can catch up with the
growth of healthy full-term babies at the corrected age of 2
years.7 In the current study we found that the growth of
VLBW children remains slower than that of healthy full-
term children through to 5 years of age.Preschool and Primary Scale of Intelligence scores between
t, and head circumference at 5 years of age.
dy height Head circumference
Caught up Failed Caught up
196 (88.7) 41 (18.3) 182 (81.7)
95.3  15.1* 81.6  15.1 96.5  15.2*
87.8  12.5* 78.0  14.4 88.6  12.0*
90.5  13.8* 78.9  13.6 91.6  13.5*
118 P.-W. Wang et alThe mean WPPSI-R scores for VLBW children were also
lower than those of the control group. This result provides a
starting point for planning follow-up programs for these
children in Taiwan. In addition, the growth change in head
circumference of the VLBW infants was different from the
changes in weight and height, according to the complete
sets of measurements of physical growth through to 5 years
of age. Compared with growth at age 2 years, a higher
percentage of VLBW children failed to catch up with their
full-term counterparts for head circumference by the age
of 5 years; this failure rate reached 16%. However, more
than 89% of these babies reached normal height and weight
by the age of 2 years, and more than 89% maintained
normal growth at 5 years of age. Therefore, following up
VLBW infants only to 2 years of age may not be sufficient.
Normal growth and growth rates are regulated by many
factors, including genetics, birth height, birth weight, in-
trauterine growth retardation, use of steroids, infection,
chronic disease, hypoxia, and social status.6,8e15 Different
outcomes have been described from different hospital units
or geographic regions.10,11 Our study showed that body
length at birth, maternal transfer, and sex were the main
factors that affected the growth of VLBW children at the
age of 5 years. Among these factors, birth body length was
the only one that affected all three parameters of growth,
including weight, height, and head circumference of VLBW
children at the age of 5 years. This result was not found in
our earlier study, and further research in this area may be
needed.
Negative neurodevelopmental outcomes, including
cognitive impairment and poor educational achievement,
have been consistently reported among VLBW children. In
addition, behavioral difficulties and lower intellectual
abilities have been reported, regardless of age at the time
of assessment.12,13 The incidence of major neuro-
developmental disabilities in ELBW infants in the first 2e3
years has been reported as follows: cerebral palsy,
9e26%; blindness, 1e15%; deafness, 1e9%; and cognitive
disability, 10e42%.14 One study that recruited 308 sur-
viving extremely preterm children assessed 241 (78%) at a
median age of 6 years. Cognitive impairment (defined as
results more than 2 SD below the mean) was present in
21% of the children.12 It may not be possible to compare
the results of previous studies and those from our study
because of inconsistency in the tests used for measure-
ment. In addition, it has been reported that differences in
normal data may exist between Taiwanese and American
infants, even when the same measurement tools are
used.15 However, our study still showed that VLBW chil-
dren achieved lower scores on cognitive testing than did
healthy full-term children.
Reported predictors of neurodevelopmental disabilities
in VLBW infants include duration of use of a ventilator,
cerebral hemorrhage, lower gestational age, suboptimal
postnatal growth patterns, and social factors. Neverthe-
less, it was found that the mean cognitive scores of preterm
children were directly proportional to their birth weight
and gestational age.16 In addition, some studies have
identified a strong association between head circumference
and intelligence in VLBW infants.5,17e19 It is well known
that microcephaly at term birth is a consistent indicator of
a poor outcome. However, much less information isavailable about preterm infants without chromosomal
anomalies or other developmental causes of micro-
cephaly.18 Compared with infants born at term, low-birth-
weight and VLBW newborns are at increased risk of brain
damage or diminished brain growth due to infection, IVH,
bronchopulmonary dysplasia (BPD), and other causes.5,20
Therefore, these infants are also at increased risk of hav-
ing failed or subnormal head growth in childhood.
Our study yielded similar results. Regardless of weight,
height, and head circumference, “failed” VLBW children
had lower WPPSI-R scores than did VLBW children whose
growth had caught up by 5 years of age; the differences
were statistically significant. The difference in scores was
especially marked for those with impaired head growth.
Therefore, head growth should be monitored more care-
fully than body weight and body height in the follow-up of
VLBW children for possible negative neurodevelopmental
outcomes.
This study is the first study in Taiwan to focus on the
outcome and cognitive function of VLBW at 5 years of age.
There were some limitations and areas that need further
study. First, many babies were lost to follow-up, particu-
larly at 2 years and 5 years of age. In addition, babies may
not be able to cooperate completely, which can lead to
measurement errors that may induce incorrect numbers for
body weight, body length, and head circumference. How-
ever, compared to the growth outcome of our previous
study,7 this study produced similar results through the
corrected age of 2 years old. Therefore, we believe that
this study’s growth data at 5 years old still have value and
can serve as a reference for the growth of VLBW infants in
Taiwan. Second, intellectual outcome can differ greatly
according to neurologic diagnosis19,21; however, we only
collected cognitive function data for neurodevelopment
outcome. Even among children with normal neuro-
development, subtle motor, visual, and behavioral diffi-
culties can appear during the school years.22 A longer-
outcome study, such as to 7 years of age or to adoles-
cence, should be performed. Third, the infants in this study
were born during the 1990s. Since 2000, mortality rates for
infants with VLBW have decreased. Whether these infants
will have greatly improved health as a result is a good
question for future research.
In conclusion, VLBW children grow more slowly than do
healthy full-term children through to 5 years of age. This
slower growth may be associated with decreased cognitive
ability. Therefore, postdischarge care of VLBW infants
should include an organized, long-term follow-up program
to ensure provision of appropriate resources and support to
the child and family.
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